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ABSTRACT 
 
The impaired attenuation of pain by the application of a noxious conditioning stimulus 
at a segmentally distinct site, known as conditioned pain modulation, has been 
implicated in clinical pain states. Chronic lateral epicondylalgia (LE), which is 
characterized by lower pressure pain thresholds at sites remote to the affected elbow and 
spinal cord hyperexcitability, is a clinical pain state that might plausibly involve less 
efficacious conditioned pain modulation. This study aimed to determine if LE exhibits a 
less efficacious conditioned pain modulation compared to healthy controls. Twenty 
participants with LE, were aged 50.7 years (SD =7.05) and had their condition for 10.2 
months (range 2-80) were matched by age and sex to 22 healthy participants. All 
participants indicated their pressure pain threshold (PPT) over the lateral epicondyle(s) 
before and during a conditioning noxious heat stimulus was applied over the calf. A 
conditioned pain modulation (CPM) score was calculated as the difference between the 
PPT before and during the heat pain-conditioning stimulus expressed as a percentage of 
PPT before the heat pain-conditioning stimulus. The condition (LE v Control) by Side 
(Affected v Unaffected) analysis of variance revealed a significant condition effect 
(p=0.001), but not side effect (p=0.192) or side by condition interaction effect 
(p=0.951). Follow up tests for the effect of condition revealed a mean deficit in CPM of 
-24.5% (95% confidence interval: -38.0 to -11.0) in LE compared to healthy 
participants. The results which suggest an impaired ability to modulate pain might be 
associated with the previously observed spinal cord hyperexcitability and the 
mechanical hyperalgesia that characterizes LE.  
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 INTRODUCTION 
 
Lateral epicondylalgia (LE) is a painful and disabling musculoskeletal condition with 
significant individual and societal impact.
1-4
 Though unilateral LE is described clinically 
as a localized peripheral musculoskeletal condition it exhibits characteristics of central 
sensitization. For example, there is evidence of lower pressure pain thresholds at remote 
sites,
3, 5
and spinal cord hyperexcitability (reduced nociceptive flexion reflex threshold)
6
 
when compared to healthy controls that do not have pain.  
 
One possible underlying mechanistic reason for widespread lower pressure pain 
thresholds in conjunction with spinal cord hyperexcitability might be impaired 
endogenous pain inhibition. Conditioned pain modulation is a laboratory-based measure 
of this endogenous inhibition system. It is the attenuation of pain at a body site by the 
application of a noxious conditioning stimulus at a segmentally distinct site.
7
 A less 
efficacious conditioned pain modulation which reflects a poorer inherent pain 
suppression capacity,
8
 has been implicated in clinical pain states such as fibromyalgia,
9, 
10
, knee osteoarthritis,
11
 and whiplash, 
12
 but not in cases of persistent tendon pain. We 
hypothesized that there would be a less efficacious conditioned pain modulation in an 
upper limb tendinopathy like LE. 
 
The objective of this study was to evaluate conditioned pain modulation in LE 
compared to controls, and to better understand the relationship between conditioned 
pain modulation and clinical pain measures in individuals with LE. 
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 MATERIALS AND METHODS 
 
Participants 
LE participants were included if they reported unilateral elbow pain for longer than 6 
weeks
13
 and presented with pain over the lateral humeral epicondyle which was 
provoked by at least two of the following: gripping, resisted wrist or middle finger 
extension, or palpation
14
 in conjunction with reduced pain free grip (PFG) strength over 
their affected side.
14-16
 Participants were recruited primarily via general advertisement in 
local community newspapers within the neighbouring suburbs. A two stage screening 
process was used, which comprised a telephone interview followed by a clinical 
examination, to determine eligibility for the study. LE participants were excluded if they 
had received an injection within the preceding six weeks, had concomitant neck and arm 
pain, or had evidence of other concomitant sources of lateral elbow pain including: 
exacerbation of elbow pain with movements or manual examination of the neck, pain 
localised over the radiohumeral joint, sensory disturbances in the affected hand and/or 
history of fractures within the preceding 10 years, elbow surgery, malignancy or 
inflammatory or arthritic disorder. 
 
A control group was also recruited using a similar media campaign. Each control 
participant was matched to one LE participant based on sex and age (10 year epochs). 
Inclusion criteria were no history of neurological disorders or musculoskeletal pain in 
the last 12 months that required treatment.
17
 Ethical approval was provided by the 
Institutional Medical Research Ethics Committee. 
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 Experimental test stimulus (pressure pain threshold) 
Pressure pain threshold (PPT) was used as the test stimulus because it has been widely 
used in characterizing LE as a reliable measure
18
 of mechanical hyperalgesia.
19
 PPT was 
determined with a handheld digital algometer (Somedic AB, Farsta, Sweden) mounted 
with a 1cm
2
 diameter circular rubber probe. To assess PPT, the probe was held 
perpendicularly to the lateral epicondyle test site and pressure increased at a constant 
rate of 40 kPa/s. Participants were positioned prone comfortably on a plinth with the 
algometer stop button held on by the non-tested hand. The tested side of the arm was 
placed in approximately 90 degrees of elbow flexion. They were instructed to press the 
button when the first sensation of pain was experienced. PPT was defined as the 
pressure at which the participant perceived sensation changed from pressure to the first 
sensation of pain.  
 
Conditioning stimulus (painful thermal contact) 
Contact heat was applied as the conditioning stimulus over the left calf for all 
participants using a Peltier element based thermode of 9.6 cm
2
 (Thermotest system, 
Somedic AB, Farsta, Sweden). The temperature was adjusted via a step up/down by 0.5
o 
C method starting at 32
o 
C until the participant reported a pain Visual Analogue Scale 
(VAS) rating as 40 to 60mm out of a possible 100mm (100 representing worst pain 
imaginable). 
 
Upon achieving the desired pain VAS rating, the conditioning heat stimulus remained in 
contact with the skin for the subsequent 4 minutes. The temperature of the conditioning 
heat stimulus used and pain VAS rating in sequential 2 minute epochs were recorded.   
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 Clinical Measures of Lateral Epicondylalgia: 
LE was further characterised by way of pain free grip strength (PFG) and the Patient-
rated Tennis Elbow Evaluation (PRTEE) questionnaire. PFG is measured clinically in 
LE because gripping tasks are reported to reproduce the patient’s lateral elbow pain.20 In 
addition, PFG has been reported to correlate with pain and disability rated on PRTEE 
score (r = -0.36).
21
 PFG is the amount of force that the participant generates to the onset 
of pain, and when there is no pain this could be regarded as maximum grip strength. 
PFG is highly reliable (ICC>.97) and a convenient clinical assessment tool, which 
correlates more strongly with disability and perceived improvement than maximal grip 
strength in LE populations.
22, 23
 PFG strength was measured using a digital grip 
dynamometer (MIE, Medical Research, Leeds, UK) in a supine position with the tested 
elbow in relaxed extension and forearm pronated.
4, 24
 The PRTEE questionnaire was 
used as a standardized quantitative assessment of pain and disability. It has been shown 
to have excellent test-retest reliability (r=.93) and good correlation with other functional 
scales including the Disability of Arm and Shoulder (DASH) questionnaire (r=.87) in 
LE.
25
 Questions are scored on an 11-point Likert scale, with calculation of separate 
subscales for pain and function and a total score, ranging from 0 (no pain and no 
functional disability) to 100 (worst imaginable pain with a very significant functional 
disability).
25
  
 
Sample size calculation 
The estimated sample size per group was calculated on the basis of a previous study 
investigating conditioned pain modulation in another peripheral joint problem, i.e., 
shoulder pain, which detected a mean difference of 37% (with an expected background 
Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.
 standard deviation of 40%) in CPM compared to controls.
26
 Based on a power of 0.8 at 
P=0.05, it was calculated that 20 participants per group were required.  
 
Procedure 
During the familiarization and screening session, if participants were found to be 
eligible, they were given a description of the experimental procedure, and informed 
consent was gained. Demographic information (age, sex, height and weight) was 
collected from all the participants. In addition, LE participants reported their duration of 
symptoms (months) and completed the PRTEE questionnaire. Then the temperature of 
conditioning heat stimulus, which elicited pain VAS rating of between 40 and 60mm 
was determined for all participants. The determination of such conditioning stimuli 
intensity during the initial screening session was deemed necessary so as to familiarize 
the participants with the device and perceived sensation, to reduce the novelty of the 
experience during the actual experimental testing session, and most importantly, to 
ensure that the participants were comfortable with the thermal form of pain without 
causing any undue stress or burn injury. 
 
During the testing session (at least 48 hours later), LE participants were asked to rate 
their worst level of pain over the past week using the pain VAS rating. Grip strength 
and PPT were measured by one assessor (E.C.W.L). Participants were then allowed to 
rest for 20 minutes, so that they would be settled and prepared for the testing session. 
This was followed by the application of contact heat over the left calf. The temperature 
was ramped up to the pre-determined temperature as per initial familiarization session; 
it was moderately to highly reproducible (ICC=.74). After 3 minutes of experiencing 
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 this heat stimulus and with the heat stimulus remaining in situ the participants were re-
tested on grip strength (Figure 2). At the penultimate 2 minutes of conditioning 
stimulation, the pain VAS was evaluated with or without subsequent adjustment (via a 
step up/down by 0.5 
o
C method) of the temperature; depending on whether the pain 
VAS rating was maintained between 40 to 60 mm. This was monitored to ensure that 
the conditioning heat stimulus remained at a moderately noxious level prior to the re-
assessment of PPT over the lateral epicondyles (Figure 2). 
 
Data management and analysis 
During the testing session, PPT recordings were made in triplicate over the lateral 
epicondyle bilaterally. The triplicate PPT measurements were then averaged. As per 
recommendations,
27
 data was represented as the mean (standard deviation) for both 
groups before and during the heat stimulus, as well as the change between before and 
during expressed as a percent of the PPT measured before the application of the 
conditioning heat stimulus (CPM).  
 
Descriptive statistics were calculated for age (years), sex, body mass index (BMI) 
(kg/m
2
), PFG/maximum strength and PPT for control and LE groups. Additionally, 
descriptive statistics were calculated for worst pain VAS rating over the past week, 
duration of symptomatic elbow (month) and PRTEE scores (including pain and 
disability subscale scores) in participants with unilateral LE. The control and LE groups 
were compared for age, BMI, PFG/maximum strength and PPT using the independent-
samples t-test and sex using the χ2 test. 
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 As per previous study,
6
 we assigned the dominant side of the control group against the 
affected side of LE participants, since LE is more likely to occur over the dominant side 
.
28, 29
 A 2-way analysis of variance (ANOVA) was conducted for CPM with factors of 
side (LE affected/Control dominant, LE unaffected/Control non-dominant), and group 
(LE, control). Significant effects were followed up with post-hoc pairwise comparisons 
and Bonferroni corrections for multiple comparisons. Standardized mean differences 
(SMD) for pairwise comparisons were also calculated as an indicator of effect size. 
Effect sizes were interpreted as trivial (0–0.2), small (0.2–0.6), moderate (0.6–1.2) and 
large (>1.2).
30
 
 
Pearson correlation coefficients were calculated to assess the relationship between the 
CPM score and clinical pain measures of LE, that is, worst pain rating over previous 
week, and PRTEE pain subscale score. The indicative size of the correlation coefficients 
were interpreted as trivial (0–0.1), small (0.1–0.3), moderate (0.3–0.5), large (0.5-0.7), 
very large (0.7-0.9) and nearly perfect (0.9-1.0).
30
 All statistical analyses were done 
using IBM SPSS Statistics for Windows, Version 22.0, SPSS Inc, Chicago, Illinois 
60606, USA. For all analyses significance was set at p < 0.05.  
RESULTS 
 
Twenty (15 male 75.0%) LE participants with a mean (SD) age of 50.7 (7.05) years and 
22 matched healthy participants (16 male 72.7%) with a mean 49.2 (8.11) years were 
recruited (Table 1, Figure 1).  The characteristics (including the PPT and grip strength 
data) of the LE and control participants are shown in Table 1. During the application of 
the heat, the PPT in the LE group was 272.23 (130) kPa and 453.47 (175.53) kPa for the 
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 affected and unaffected sides respectively, whereas the PPT data in the healthy control 
group was 476.02 (218.36) kPa and 509.23 (197.78) kPa for the dominant and non-
dominant sides respectively (Figure 3). There was no change in PFG on the affected 
side in LE [mean difference (CI): 2.5 (-4.92 to 9.92); mean PFGpre-heat (SD) = 91.25 
(52.23) N, mean PFGduring heat (SD) = 93.75 (53.49) N]. The temperature of the 
conditioning heat stimulus used and the pain VAS rated during the testing session were 
not different between groups or sides (Table 2).  
 
The 2-way ANOVA for CPM, which was based on changes in PPT, showed a 
significant main effect for group [F(1,40) = 13.458, P = 0.001], but not side [F(1,40) = 
1.758, P = 0.192] or side by group interaction [F(1,40) = 0.004, P = 0.951]. The mean 
difference in CPM between groups (95% confidence interval (CI)) was 24.5 percent 
(11.0 to 38.0, P = 0.001, SMD 1.13) (Table 3).  
 
Within the LE group, there was a small to moderate correlation between CPM and the 
PRTEE pain subscale score (r = -0.452, P = 0.045), but not worst pain rating over the 
past week (r = -0.359, P = 0.12).  
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DISCUSSION 
 
We measured the effect of a painful thermal conditioning stimulus applied over the calf 
on PPT at the lateral epicondyle in patients with LE, and found minimal impact on the 
PPT recorded before applying the conditioning stimulus (i.e., change in PPT from pre-
heat pain conditioning stimulus ranging from -17.18 to -2.18 kPa). This was different to 
the range of 65.92 to 99.11 kPa change observed in the healthy control group and 
suggests that individuals with LE, on average, does not exhibit conditioned pain 
modulation.  
 
Our finding of less efficacious conditioned pain modulation amongst patients with LE 
concurs with studies investigating other musculoskeletal pain disorders, such as 
shoulder pain,
26
 whiplash,
12
 fibromyalgia,
31
 hip osteoarthritis,
32
 knee osteoarthritis.
33
  
The determination of a less efficacious conditioned pain modulation is in part dependent 
upon the efficacy of the observed condition pain modulation in the comparator group. 
The control participants in our study displayed a significant 24.2 to 24.8 percent greater 
change (in CPM) than participants with LE. In a study of conditioned pain modulation 
in patients with shoulder pain (by Valencia and co-workers, Table 2 therein),
26
 control 
participants displayed 37.0 percent greater change (in CPM) than participants with 
shoulder pain (see Table 2 therein). In another study by Ng and co-workers (2013),
12
 it 
is estimated that the control participants exhibited only 5.1 percent greater difference (in 
CPM) than participants with whiplash associated disorder. It is important to note that 
there was a plethora of different test and conditioning stimuli used to investigate 
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 conditioned pain modulation across the literature. For example, we used pressure pain 
threshold as the test stimulus as opposed to heat pain threshold,
12, 31
 and pain ratings in 
response to a predetermined supra-threshold pain stimuli.
26
 Likewise, we used a 
conditioning heat stimulus as opposed to a conditioning cold pressor stimulus,
12, 26, 31
 or 
pressure cuff stimulus.
32, 33
 These differences in testing parameters could have 
accounted for the different CPM magnitudes reported from different studies. 
Conversely, Lewis and co-workers (2012)
34
 reported that the type of test stimulus or 
conditioning stimulus does not appear to influence the CPM effect significantly. 
Nevertheless, it would appear that the phenomenon of endogenous analgesia in healthy 
individuals is quite robust, regardless of conditioning stimulus. 
Chronic LE exhibits heightened spinal cord excitability,
6
 which plausibly may be a 
function of a less efficacious endogenous pain inhibition (as found in this study), an 
ongoing nociceptive afferent input, or a combination of both. It is plausible that 
repeated loading of the extensor carpi radialis brevis tendon occurring with typical 
activities (that is, repetitive manual tasks) in those with LE might contribute to ongoing 
nociceptive afferent input and increase the excitability of spinal cord neurons. 
Somewhat indirect evidence for this possibility might be inferred from previous work 
that showed removing the source of ongoing nociceptive input during hip joint 
replacement surgery restores efficacy of condition pain modulation.
32
 However, LE may 
well represent the full spectrum of varying pain sensitization states (peripheral and/or 
central sensitization) or no pain sensitization at all.
35
 More importantly, peripheral 
sensitization is not a prerequisite for the presence of central sensitization, and vice 
versa.
35
 The other biologically plausible reasons include, but not limited to, changes in 
neurotransmitter release/receptor availability,
36
 altered spinal level inhibitory 
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 interneuron function,
37
 and activation of latent spinal level connections.
38
 Further 
studies are required to better understand the relationship between heightened spinal cord 
excitability and less efficacious CPM in chronic pain. 
 
It is interesting to note that the conditioning thermal pain stimulus did not change PFG 
in the LE group [mean PFGpre-heat (SD) = 91.25 (52.23) N, mean PFGduring heat (SD) = 
93.75 (53.49) N]. While PFG is sensitive in detecting LE it does not elicit pain in 
unaffected elbow (of patients with unilateral LE or in healthy controls) where it is 
essentially a maximum grip strength test. That it is not a pain threshold or tolerance test 
makes it inappropriate as an experimental test stimulus in a CPM study. PFG is a 
mechanical pain provocation test, whereby much lower grip force elicits pain, 
presumably through direct tension and stress of the connective tissues at the elbow 
tendons of the wrist extensor muscles. Notwithstanding that it is not a candidate as an 
experimental test stimulus in assessing CPM, it is interesting to note that like PPT it did 
not change with the painful thermal conditioning stimulus. Both PFG and PPT have 
been shown to improve with some treatments (e.g., manual therapy 
4, 39
). It is tempting 
to speculate that treatments that reduce deficits in PPT and PFG in LE might be doing 
so through stimulating an  endogenous inhibitory mechanism, as suggested 
previously.
16, 40-42
   More recently, joint mobilization has been demonstrated to enhance 
endogenous descending inhibitory pain mechanism in painful knee osteoarthritis.
43
  
 
Our data suggest that CPM is a measure of specific pain experience in LE. We found 
that higher CPM was associated with lower pain severity as measured by the PRTEE 
pain subscale, but not with overall pain severity rated on a VAS. The latter concurs with 
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 another study that reported a lack of correlation between conditioned pain modulation 
and numerical rating scale of temporomandibular disorder pain.
44
 This is plausibly 
because a condition specific pain measure, such as the PRTEE pain sub-scale relates 
more specifically to the pain experience during selected functional activities or tasks 
typically reported by LE participants, whereas a pain VAS rating does not have such 
context. While the correlation coefficient for pain severity was not significant or as 
large as that for PRTEE, we cannot discount that with a larger sample size it might have 
been statistically significant. Further work might evaluate if a measure of CPM has any 
clinical utility (e.g., prognosis).  
 
There are some aspects of this study that require attention when drawing inferences 
from its findings. First, it is important to consider that we did not blind the assessor to 
participant status (LE or control), but the assessor and participant were blind to the PPT 
pre-heat data while measuring PPT during the application of heat stimulus. In addition, 
the participants were also blind to the temperature of the heat used during the 
application of the noxious conditioning heat stimulus. Secondly, it is noteworthy that 
the large standard deviation (Table 3) and confidence intervals (Figure 3) around the 
group mean data and the point estimates of effect suggest that a deficit in endogenous 
pain inhibition might not be present in every LE patient. One of the reasons for this 
might well be that we only applied the conditioning stimulus to one limb but LE was 
present in some on the ipsilateral side to the conditioning stimulus and in others on the 
contralateral side. Thirdly, there was no significant difference in PPT between the LE 
unaffected side and control non-dominant side, which suggests that our current cohort 
comprised LE participants who did not have widespread sensory hypersensitivity. 
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 Lastly, as the study was cross sectional in nature and involved a patient group that did 
not have lower pressure pain threshold at remote sites to the affected elbow, it is not 
possible to make any conclusions regarding causality between impaired conditioned 
pain modulation and widespread hyperalgesia in LE reported in other studies.
7
 Despite 
these limitations, the current study represents a novel contribution to the literature by 
exploring conditioned pain modulation in a chronic tendinopathic musculoskeletal pain 
model.  
Conclusion 
The present investigation showed that a remotely applied painful heat stimulus 
produced an increase in pressure pain threshold at the lateral elbow in healthy 
participants, which was not present in participants who had LE. This seems to indicate 
that there is less efficacious endogenous modulation of mechanical pain in those with 
persistent lateral elbow tendinopathy.  
 
Acknowledgements 
 
Edwin Lim received a fellowship from The Australian Government’s Department of 
Education and Training (Endeavour Research Fellowship). Michele Sterling received a 
fellowship from the National Health and Medical Research Council of Australia. The 
authors have no conflicts of interest to declare.  
 
 
 
 
Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.
 REFERENCES 
 
1. Chesterton, L.S., D.A. van der Windt, J. Sim, et al., Transcutaneous electrical nerve 
stimulation for the management of tennis elbow: a pragmatic randomized controlled 
trial: the TATE trial (ISRCTN 87141084). BMC Musculoskelet Disord 2009;10:156. 
2. Descatha, A., Y. Roquelaure, J.F. Chastang, et al., Description of outcomes of upper-
extremity musculoskeletal disorders in workers highly exposed to repetitive work. J 
Hand Surg Am 2009;34:890-5. 
3. Fernandez-Carnero, J., C. Fernandez-de-las-Penas, M. Sterling, et al., Exploration of 
the extent of somato-sensory impairment in patients with unilateral lateral 
epicondylalgia. J Pain 2009;10:1179-85. 
4. Paungmali, A., S. O'Leary, T. Souvlis, et al., Hypoalgesic and sympathoexcitatory 
effects of mobilization with movement for lateral epicondylalgia. Phys Ther 
2003;83:374-83. 
5. Fernandez-Carnero, J., C. Fernandez-de-Las-Penas, A.I. de la Llave-Rincon, et al., 
Widespread mechanical pain hypersensitivity as sign of central sensitization in 
unilateral epicondylalgia: a blinded, controlled study. Clin J Pain 2009;25:555-61. 
6. Lim, E.C.W., M. Sterling, A. Pedler, et al., Evidence of spinal cord hyperexcitability 
as measured with nociceptive flexion reflex (NFR) threshold in chronic lateral 
epicondylalgia with or without a positive neurodynamic test. J Pain 2012;13:676-84. 
7. Sowman, P.F., K. Wang, P. Svensson, et al., Diffuse noxious inhibitory control 
evoked by tonic craniofacial pain in humans. Eur J Pain 2011;15:139-45. 
8. Yarnitsky, D., Conditioned pain modulation (the diffuse noxious inhibitory control-
like effect): its relevance for acute and chronic pain states. Curr Opin Anaesthesiol 
2010;23:611-5. 
Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.
 9. Guieu, R., G. Serratrice, and J. Pouget, Counter irritation test in primary 
fibromyalgia. Clin Rheumatol 1994;13:605-10. 
10. Desmeules, J.A., C. Cedraschi, E. Rapiti, et al., Neurophysiologic evidence for a 
central sensitization in patients with fibromyalgia. Arthritis Rheum 2003;48:1420-9. 
11. Arendt-Nielsen, L., H. Nie, M.B. Laursen, et al., Sensitization in patients with 
painful knee osteoarthritis. Pain 2010;149:573-81. 
12. Ng, T.S., A. Pedler, B. Vicenzino, et al., Less efficacious conditioned pain 
modulation and sensory hypersensitivity in chronic whiplash-associated disorders in 
Singapore. Clin J Pain 2014;30:436-42. 
13. Vicenzino, B., T. Souvlis, and A. Wright, Musculoskeletal Pain, in Pain: a textbook 
for therapists, J. Strong, et al., Editors. Churchill Livingstone: New York, U.S.A.; 2002. 
332-333 & 338-340. 
14. Stratford, P., D. Levy, and C. Gowland, Evaluative properties of measures used to 
assess patients with lateral epicondylitis at the elbow. Physiotherapy Canada 
1993;45:160-164. 
15. Vicenzino, B., D. Collins, and A. Wright, The initial effects of a cervical spine 
manipulative physiotherapy treatment on the pain and dysfunction of lateral 
epicondylalgia. Pain 1996;68:69-74. 
16. Vicenzino, B., D. Collins, H. Benson, et al., An investigation of the interrelationship 
between manipulative therapy-induced hypoalgesia and sympathoexcitation. J 
Manipulative Physiol Ther 1998;21:448-53. 
17. Sterling, M., E. Hodkinson, C. Pettiford, et al., Psychologic factors are related to 
some sensory pain thresholds but not nociceptive flexion reflex threshold in chronic 
whiplash. Clin J Pain 2008;24:124-30. 
Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.
 18. Smidt, N., D.A. van der Windt, W.J. Assendelft, et al., Interobserver reproducibility 
of the assessment of severity of complaints, grip strength, and pressure pain threshold in 
patients with lateral epicondylitis. Arch Phys Med Rehabil 2002;83:1145-50. 
19. Wright, A., P. Thurnwald, and J. Smith, An evaluation of mechanical and thermal 
hyperalgesia in patients with lateral epicondylalgia. The Pain Clinic 1992;5:221-227. 
20. Vicenzino, B., J.A. Cleland, and L. Bisset, Joint manipulation in the management of 
lateral epicondylalgia: a clinical commentary. J Man Manip Ther 2007;15:50-6. 
21. Overend, T.J., J.L. Wuori-Fearn, J.F. Kramer, et al., Reliability of a patient-rated 
forearm evaluation questionnaire for patients with lateral epicondylitis. J Hand Ther 
1999;12:31-7. 
22. Stratford, P.W. and D.R. Levy, Assessing Valid Change over Time in Patients with 
Lateral Epicondylitis at the Elbow. Clin J Sports Med 1994;4:88-91. 
23. Stratford, P.W., G.R. Norman, and J.M. McIntosh, Generalizability of grip strength 
measurements in patients with tennis elbow. Phys Ther 1989;69:276-81. 
24. Smidt, N., W.J. Assendelft, D.A. van der Windt, et al., Corticosteroid injections for 
lateral epicondylitis: a systematic review. Pain 2002;96:23-40. 
25. Rompe, J.D., T.J. Overend, and J.C. MacDermid, Validation of the Patient-rated 
Tennis Elbow Evaluation Questionnaire. J Hand Ther 2007;20:3-10; quiz 11. 
26. Valencia, C., L.L. Kindler, R.B. Fillingim, et al., Investigation of central pain 
processing in shoulder pain: converging results from 2 musculoskeletal pain models. J 
Pain 2012;13:81-9. 
27. Yarnitsky, D., L. Arendt-Nielsen, D. Bouhassira, et al., Recommendations on 
terminology and practice of psychophysical DNIC testing. Eur J Pain 2010;14:339. 
Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.
 28. Hamilton, P.G., The prevalence of humeral epicondylitis: a survey in general 
practice. J R Coll Gen Pract 1986;36:464-5. 
29. Roquelaure, Y., C. Ha, A. Leclerc, et al., Epidemiologic surveillance of upper-
extremity musculoskeletal disorders in the working population. Arthritis Rheum 
2006;55:765-78. 
30. Batterham, A.M. and W.G. Hopkins, Making meaningful inferences about 
magnitudes. Int J Sports Physiol Perform 2006;1:50-7. 
31. Potvin, S., A. Larouche, E. Normand, et al., No relationship between the ins del 
polymorphism of the serotonin transporter promoter and pain perception in fibromyalgia 
patients and healthy controls. Eur J Pain 2010;14:742-6. 
32. Kosek, E. and G. Ordeberg, Lack of pressure pain modulation by heterotopic 
noxious conditioning stimulation in patients with painful osteoarthritis before, but not 
following, surgical pain relief. Pain 2000;88:69-78. 
33. Rosland, T., L.S. Gregersen, T.N. Eskehave, et al., Pain sensitization and 
degenerative changes are associated with aberrant plantar loading in patients with 
painful knee osteoarthritis. Scand J Rheumatol 2015;44:61-9. 
34. Lewis, G.N., D.A. Rice, and P.J. McNair, Conditioned pain modulation in 
populations with chronic pain: a systematic review and meta-analysis. J Pain 
2012;13:936-44. 
35. Coronado, R.A., C.B. Simon, C. Valencia, et al., Experimental pain responses 
support peripheral and central sensitization in patients with unilateral shoulder pain. 
Clin J Pain 2014;30:143-51. 
36. D'Mello, R. and A.H. Dickenson, Spinal cord mechanisms of pain. Br J Anaesth 
2008;101:8-16. 
Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.
 37. Guo, D. and J. Hu, Spinal presynaptic inhibition in pain control. Neuroscience 
2014;283:95-106. 
38. Charpier, S., J.C. Behrends, A. Triller, et al., "Latent" inhibitory connections 
become functional during activity-dependent plasticity. Proc Natl Acad Sci U S A 
1995;92:117-20. 
39. Paungmali, A., B. Vicenzino, and M. Smith, Hypoalgesia induced by elbow 
manipulation in lateral epicondylalgia does not exhibit tolerance. J Pain 2003;4:448-54. 
40. Sluka, K.A. and A. Wright, Knee joint mobilization reduces secondary mechanical 
hyperalgesia induced by capsaicin injection into the ankle joint. Eur J Pain 2001;5:81-7. 
41. Bialosky, J.E., M.D. Bishop, D.D. Price, et al., The mechanisms of manual therapy 
in the treatment of musculoskeletal pain: a comprehensive model. Man Ther 
2009;14:531-8. 
42. Wright, A., Hypoalgesia post-manipulative therapy: a review of a potential 
neurophysiological mechanism. Manual therapy 1995;1:11-16. 
43. Courtney, C.A., A.D. Steffen, C. Fernandez-de-Las-Pnas, et al., Joint Mobilization 
Enhances Mechanisms of Conditioned Pain Modulation in Individuals With 
Osteoarthritis of the Knee. J Orthop Sports Phys Ther 2016;46:168-76. 
44. Oono, Y., K. Wang, L. Baad-Hansen, et al., Conditioned pain modulation in 
temporomandibular disorders (TMD) pain patients. Exp Brain Res 2014;232:3111-9. 
  
Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.
 ARTWORK CAPTIONS  
Figure 1: Participant flow through study.  
 
 
Figure 2: Timeline during the testing session. Pressure pain threshold (test stimulus) 
was measured before and during the application of contact heat (conditioning stimulus). 
 
 
Figure 3: Comparison of mean (SD error bars) pre-heat pressure pain threshold 
between the healthy control (solid triangles) and LE (white diamonds) group, including 
individual data. The during-heat pressure pain threshold data are indicated by red 
symbols. 
 
  
Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.
 Table 1. Demographic characteristics in LE and control groups. 
 
LE (n = 20) 
Controls (n = 
22) 
Mean diff. 
(95% CI) 
P-value 
Sex, Male:Female 15:5 16:6 N.A. 0.867 
Age in years 50.7 (7.05) 49.2 (8.11) 
-1.47 (-6.23, 
3.29) 
0.533 
BMI  in kg/m
2
 25.2 (3.95) 25.1 (4.28) 
-0.117 (-
2.69, 2.46) 
0.928 
Worst pain VAS rating over past 
week in millimeters 
61.3 (20.0) N.A. N.A. N.A. 
Duration of symptom in months 10.2 (18.1) N.A. N.A. N.A. 
LE unaffected side/Control left side 
maximum grip strength in N 
275.9 (85.7) 222.3 (68.9) 
-53.5 (-
101.8, -
5.23) 
0.031 
LE affected side PFG 
strength/Control right hand 
Maximum grip strength in N 
91.3 (52.2) 244.2 (72.1) 
152.9 
(113.3, 
192.5) 
< 0.001 
LE unaffected side/Control non-
dominant side PPT in kPa 
455.7 (159.4) 410.1 (153.3) 
-45.5 (-
143.1, 52.0) 
0.351 
LE affected side/Control dominant 
side PPT in kPa 
289.4 (115.0) 410.1 (189.8) 
120.7 (21.6, 
219.8) 
0.018 
PRTEE score* 42.2 (14.8) N.A. N.A. N.A. 
PRTEE (pain) sub-score** 24.4 (6.77) N.A. N.A. N.A. 
PRTEE (disability) sub-score*** 17.8 (9.56) N.A. N.A. N.A. 
Numerical data are presented as means with standard deviation in parentheses. 
VAS – Visual Analogue Scale (rate out of 10) 
LE – Lateral epicondylalgia 
BMI – Body Mass Index  
PFG – Pain-free grip 
PPT – Pressure pain threshold 
*PRTEE – Patient-rated Tennis Elbow Evaluation (score out of 100) 
**PRTEE (pain) – Patient-rated Tennis Elbow Evaluation (pain sub-score out of 50) 
***PRTEE (disability) – Patient-rated Tennis Elbow Evaluation (disability sub-score out of 50) 
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 Table 2. Temperature of conditioning heat stimulus used and Visual Analogue Scale 
pain rating reported during the testing sessions. 
 
LE (n = 20) 
Controls (n 
= 22) 
Mean diff. 
(95% CI) 
P-value  
 
Temperature in degree Celsius during 
first 2 minutes 
44.8 (1.27) 44.9 (1.55) 
0.017 (-0.873, 
0.907) 
0.969 
Visual Analogue Scale pain rating in 
millimeters during first 2 minutes  
54.2 (5.99) 55.3 (4.80) 
1.09 (-2.28, 
4.46) 
0.516 
Temperature in degree Celsius during 
last 2 minutes 
44.8 (1.09) 45.0 (1.40) 
0.110 (-0.678, 
0.897) 
0.780 
Visual Analogue Scale pain rating in 
millimeters during last 2 minutes  
53.1 (7.03) 51.8 (7.30) 
-1.33 (-5.81, 
3.15) 
0.553 
 
 
 
 
 
 
Table 3: CPM (%) for LE and HC with significant Group main effect (p = 0.001). 
Group  Affected LE / Dominant HC Unaffected LE / Non-dominant HC 
LE  -5.23 (24.21) -0.01 (23.22) 
HC 19.02 (27.49) 24.75 (26.21) 
 
CPM – Conditioned pain modulation 
LE – Lateral epicondylalgia 
HC – Healthy control 
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Figure 1: Participant flow through study.  
 
 
 
Telephone screening (n=48) 
Excluded 
(n=16): 
- bilateral elbow symptoms (n=10) 
- golfer’s elbow (n=2)   
- diabetes mellitus (n=1) 
- L4/5 spondylolisthesis (n=1)  
- duration of symptom < 6 weeks (n=1) 
- had injection < 6 weeks ago (n=1) 
Controls (n=22) 
Telephone screening (n=25) 
Physical screening (n=22) 
Excluded (n=3): 
- shoulder pain (n=1) 
- neck/back pain (n=2) 
 
Excluded (n=0) 
Excluded(n=12): 
- cervical radiculopathy (n=3) 
- radiohumeral joint pain (n=6) 
- radial tunnel syndrome (n=2) 
- anconeus pathology (n=1) 
Physical screening(n=32) 
Lateral epicondylalgia (n=20) 
Healthy controls Lateral epicondylalgia 
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Figure 2: Timeline during the testing session. Pain-free grip strength and pressure pain threshold (test stimulus) were measured before 
and during the application of contact heat (conditioning stimulus). 
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Figure 3: Individual participant data for pressure pain threshold in the healthy control 
(solid triangles) and LE (white diamonds) group, as well as the group mean (SD). The 
during-heat pressure pain threshold data are indicated by red symbols. 
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